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Sununary: Serum concentrations of bile acids and tyrosine were determined in 14 premature infants with
late metabolic acidosis and in 13 comparable controls without acidosis (protein intake 2 g/kg · d). At the
same time the bile acids and the catalytic activity concentrations of lipase and trypsin were estimated in the
duodenal juice. The daily faecal excretion and the percentage of fat eliminated were measured. In 8 patients
with late metabolic acidosis the duodenal studies were repeated one week after late metabolic acidosis.
Infants with late metabolic acidosis showed significantly higher concentrations of bile acids and tyrosine in
the serum than the controls (p < 0.0005). In the duodenal juice the activities of lipase and trypsin and the
concentration of bile acids — especially of dihydroxy bile acids — were decreased (p < 0.001). The faecal
excretion during late metabolic acidosis was significantly increased, with high percentage of fat. Eight days
after late metabolic acidosis all duodenal parameters equalled the ränge of the control group.
The relations between acidosis, Cholestasis, and amino acid transport to the liver are discussed.
Introduction
It is generally accepted that newborns with immature
renal function are susceptible tp late metabolic acid-
osis when given a high protein diet. Subsequent to
increased loading with casein from cow's milk, ele-
vated concentrations of methionine, tyrösine, phenyl-
alanine, urea, and ammonia were found in the blood
(l, 2). After a change of nutrition from native
mother's milk to a formula with higher protein, we
found a significant increase of bile acids and phenyl-
alaiiine in the serum (3). There is evidence for amino
add-induced cholestasis in premature infants öf very
low birth weight with increasing protein intake. Bile
acids and alpha-amino-nitrogen showed a high corre-
lation (4).
A possible dependence of the uptake of bile acids and
amino acids was postulated from in vitro experiments
with basoläteral membrane vesicles of hepatocytes
in adult (5) and suckliag (6) rats. Both acids are
transported by a Na+-dependent ATPase. the influ-
*) The paper will be part of the thesis of H. Senger
ence of acidosis on bile excretion has been studied
previously (7). Both pH and bicarbonate have been
suggested äs factors responsible for bile acid-inde-
pendent bile flow (8, 9).
Patients and Procedures
Fourteen premature infants (most of them of low birth weight)
suffering from late metabolic acidosis and 13 comparable new-
borns without late metabolic acidosis were studied.
Table l a + b gives the clinical data äs well äs pH and base
excess of patients (a) and controls (b). In order to investigate
the duodenal contents a gavage tube was placed in the duo-
denum for about 8 hours. Before and 30, 60, and 120 minutes
after a single feeding, 0.1—1.5 ml duodenal contents were
aspirated. Sixty minutes after the feeding, 1.5 ml venous blood
was withdrawn äs well.
In 8 patients the duodenal study was repeated one week after
the late metabolic acidosis.
All infants had been fed every 4 hours, a few of them every 2
hours according to Boehm et al. (10). The protein intake of
patients was 2.01 ± 0.38 g/kg · d, that of the control group
1.99 ± 0.40 g/kg · d. The acidosis was corrected with NaHCO3,
Two to three days after the late metabolic acidosis the acid
base parameters äs well äs the weight gain had reached normal
values.
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Methods
The location of the tube was monitored by the colour, pH, and
lipase activity of the aspirated fluid. In some cases the dilution
of duodenal juice with gastric content had to be corrected by
analysis of polyethylene glycoI-4000, which had been added in
a l % concentration to the feed.
The acid base parameters of the blood and the duodenal pH
were determined with the acid-base-anälyser AME-1 (Radiome-
ter, Copenhagen).
Serum
In the serum the total bile acids were measured enzymatically by
means of a diaphorase nitroblue tetrazolium chioride-coupled
reaction (11). Tyrosine was determined fluorimetrically accordr
ing to Waakles & Udenfried (12).
Duodenal juice
The bile acids of the duodenal fluid were separated by means
of thin-layer-chromatography and quantified by densitometry
(13). The activity of lipase was determined nephelometrically
with the Boehringer test kit. Trypsin was determined according
to Hummel, with N-tosyl-L-arginine methyl ester (TAME) äs
Substrate (14).
The concentration of polyethylene-glycol-4000 was measured
aceording to Hyden (15); the dilution factor was cälculated äs
described by Glasgow et al. (16). (Dilution factor = pölyethyl-
ene-glycol concentration in the feeding fluid / polyethylene-
glycol concentration in the feeding fluid — pölyethylene-glycol
in the aspirated fluid). ' f
Feces
Total lipids of the faeees were determined gravimetrically after
extraction using the 2-phase System Chloroform* methanol,
water (1.0 + 0.9 -l· 1.0 by völ.),as published by Atkinson et al.
(17) with slight niodification.
Statistics
Since the values of enzymes, bile acids, and tyrosine were foünd
to follow a log-normaJ distribution the statistical significance
of differences between the 2 groups of subjects was cälculated
by Studen?s t-test after log transformation.
Tab. l a. Patients.
Gestational
age
(weeks)
Birth
weight
(g)
Nutrition Weight gain Age
(g/kg · d) during (days)
late metabolic at the
acidosis study
% represents percentage formula in mixture with human milk (%)
Tab. l.b. Controls.
Base
excess
(mmol/1)
1. B.
2. R.
3. A.
4. P.
5. P.
6. M.
7. G.
8. K.
9. R.
10. W.
11. W.
12. S.
13. G.
14. H.
X
SD
28
40
32
33
31
29
34
27
32
36
34
34
32
31
32.4
3.3
1240
3350
2330
1900
1440
1380
2270
1090
1550
1420
2080
1950
1860
1660
1830
574
human milk
formula
formula
21% formula
formula
formula
66% formula
human milk
human milk
human milk
fonnula
formula
human milk
human milk
4.6
1.4
1.4
7.0
0.0
1.9
-4.6
6.2
2.2
0.0
2.4
-6.0
-1.6
0.0
1.1
3.8
48
19
21
26
26
28
28
57
84
8
10
24
24
17
30.0
20.3
7.38
7.21
7.31
7.30
7.31
7.35
7.25
7.33
7.34
7.31
7.37
7.32
7.32
7.38
7.32
0.05
- 8.5
- 8.5
-10.5
- 8.0
- 7.0
- 8.5
- 7.5
- 9.0
- 7.0
- 7.5
- 6.5
-11.0
- 7.5
- 8.5
- 7.8
1.2
1. R.
2. S.
3. H.
4. P.
5. V.
6. H.
7. H.
8. J.
9. W.
10. P.
11. B.
12. B.
13. F.
X
SD
28
34
32
36
34
33
31
32
32
33
33
41
27
32.8
3.4
1420
1320
1620
2530
1960
1900
1530
1760
2050
2120
2000
2910
1000
1855
508
human milk
human milk
human milk
human milk
human milk
human milk
human milk
human milk
human milk
human milk
human milk
fonnula
human milk
•
11.8
9.6
9.7
10.7
16.2
11.7
12.8
8.8
9.1
12.2
13.1
9.9
9.5
11.2
2.1
62
47
39
29
26
14
47
22
14
21
21
28
94
35
23
7.37
7.41
7.35
7.41
7.40
7.41
7.38
7.42
7.38
7.41
7.40
7.42'
7.38
7.40
0.03
0.5
2.0
Ö.O
-1.0
-1.5
-2.0
-1.0
1.5
-0.5
1.0
0.5
-1.5
-1.0
-0.2
1.3
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Results
As shown in table l, the infants suffering from late
metabolic acidosis showed a considerably decreased
waight gain, a lower base excess and a lower pH,
compared with the controls.
Table 2 demonstrates the fmdings in the serum. The
concentrations of bile acids and tyrosine in infants
with late metabolic acidosis are significantly higher
than those of the controls (p < 0.0005).
Table 3 gives the values for pH, bile acids, and lipase
in the gastric and duodenal Juices of patients and
controls.
Hibe placement was found to be most precise when
using lipase activity and bile acid concentration s
indicators.
The concentration of bile acids and the activity of
the lipase in duodenal juice was significantly lower
in patients with late metabolic acidosis than in infants
without late metabolic acidosis.
Figure l demonstrates the behaviour of bile acids,
lipase, and trypsin in the duodenal juice following
feeding. In figure l a the measured concentrations or
activities, respectively are plotted.
Figure l b shows the values after correction for dilu-
tion with gastric content.
Tab. 2. The concentrations of total bile acids and tyrosine in the blood serum of patients with late metabolic acidosis (a) and
controls (b). All figures are given in μπιοΐ/ΐ.
Patients
' (a)
|
I .B.
2. R.
3. A.
4. R
5. R
6. M.
i 7. G.
; ι s. K.; 9. R.
i 10. W.
11. W.
* 12. S.
13. H.
14. G.
logx
log s
χ (x: s — χ · s)
Pa^b
Bile acids
60
63
74
60
83*
64
73
98
74
79
199
132
115
1.9078
0.1428
81 (58-112)
< 0.0005
Tyrosine
87
72
104
86
78
146
202
132
87
149
—116
101
2.0318
0.1341
108(79-147)
< 0.0005
Controls
(b)
R.
S.
H.
P.
V.
J.
H.
K.
W.
M.
P.
B.
F.
Bile acids
29
20
35
14
24
16
9
26
25
30
16
13
17
1.2185
0.3521
17(7-37)
Tyrosine
67
83
59
75
90
60
84
51
74
79
68
43
55
1.8175
0.0946
66(53-82)
Tab. 3. Studies to decide the location of the tube. Statistical comparisons of pH, bile acids (mmol/1) and lipase (kU/1) between
patients (a) and controls (b) are given in horizontal level. The Statistical comparisons between gastric and duodenal
content of the groups are given in verticals. The numbers of patients and controls are given in brackets. The values
represents (except the pH) the delogarithmic means and the limit values in brackets (x: s — χ · s).
Gastric content
pH
Bile acids ..
Lipase
PPH
Pbile acids
Plipase
pH
Bile acids
Lipase
Patients
4.5 ± 1.5
0.3
1.0
<0.01
<0.05
< 0.005
Duodenal
6.2 ± 0.2
0.7
8.3
(0.1-0.9)
(0.3-2.2)
content
(0.4- 1.5)
(1.2-20.3)
(9)
(H)
(H)
(6)
(10)
(10)
Controls
5.3 ± 1.6
0.1
0.1
n. s.
< 0.0005
< 0.0005
6.7 ± 0.5
4.9
31.3
(10)
(0.1-0.3) (10)
(0.0-0.4) (10)
(7)
( 3.5- 8.4) (9)
(19.4-58.1) (9)
P
n. s.
n. s.
n. s.
n. s.
< 0.001
< 0.005
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Fig. l a. Measured concentrations of bile acids (o-^o), and activities of lipase (Δ---Δ) and trypsin (V··· V) in the duodenal
Contents following feeding. Statistical significances of differeiices are indicated: ί p < 0.001; + p < 0.005; + p < 0.01;
0 = not significant. F ll Symbols = patients; open Symbols = controls.
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Fig. l b. The same parameters shown in fig. l a after correction for dilution with gastic content by multiplying with the given
dilution factors (details in methods).
As depicted in figure l b a Stimulation of bile and
pancreatic secretion by feeding occurs only in the
nonnal cases, whereas there is practically no rise in
patients suffering from late metabolic acidosis,
Figure 2 represents the duodenal concentrations of
total bile acids and the proportion of trihydroxy and
dihydroxy bile acids during late metabolic acidosis,
one week after late metabolic acidosis, in the controls,
and in children 1 — 5 years of age. In addition to the
decrease of total bile acid in duodenal juice during
late metabolic acidosis, the concentrations of dihy-
droxy bile acids are very low, and in some cases not
even detectable. Sometimes bile acid sulphates were*
found. Owing to their high Rf-values, S-chpienic
acid and lithocholic acid could not be quantified.
One week after late metabolic acidosis the duodenal
Parameters had risen to the values of control infants
(bile acids: p < 0.001; lipase p < 0.025; trypsin;
p < 0.05).
The quantity of daily excreted faeces was found to
be higher in the cases with late metabolic acidosis
(11.6 ± 1.5% of int ke) than in ,the contfois (6.6
± 1.0% of intake). The total fat excretion was also
higher in the patients with late metabolic acidosis
(late metabolic acidosis: 39.1 ± 6.6%; controls 26.5
± 5.2% of faecal weight, p <^ 0.001).
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Fig. 2. The total bile acids, the trihydroxy and dihydroxy bile acids äs well äs the quotients of trihydroxy to dihydroxy bile acids
l in duodenal Contents and glyco to tauro conjugates of bile acids of children l to 5 years of age (D), the patients one
week after late metabolic acidosis (Di), those with late metabolic acidosis (0), and the controls (S). In some cases the
dihydroxy bile acids were not detectable. Therefore the high quotient is given without Standard deviation.
Discussion
The increased bile acid concentration in the serum
together with a decrease in the duodenal juice during
late metabolic acidosis must be interpreted äs a
cholestatic Situation. As a result of low bile acids
and lipase in the duodenum the resorption of fat is
disturbed, and a high excretion of fat ensues. This
explains the low energy retention factor of less than
50% in children with acidoses, described by Brooke
(18).
Analogous to children with intrahepatic cholestasis,
the infants with late metabolic acidosis studied here
showed a parallel decline of both bile and pancreatic
secretion (19, 20).
Of particular interest, but äs yet not clarified, is the
relation between the concentrations of bile acids and
amino acids (tyrosine) (4). Accprding to Bucuvalas et
al. (6) the increased amino acid concentration in the
serum might inhibit the uptake of bile acids into the
liver.
The relation of acidosis and bile secretion is probably
the best^known phenomenon in this field. In animal
experiments, a decrease of bile secretion in the face
of low pH and bicarbonate of the blood had been
shown previously (9, 8). Our findings support these
observations. Furthermore, recent results show a sig-
nificant reduction of serum bile acid concentrations
with concomitant elevation of duodenal bile acid
concentrations after bicarbonate supplementation to
oral feeding (21).
The decreased proportion of dihydroxy bile acid in
the duodenal juice of our infants with late metabolic
acidosis may have two explanations:
1. increased dependence on these bile acids with age
(22) and
2. a particular reduction during formula feeding äs
shown by Watkins et al. (23).
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